In the northeast Caribbean, doldrum-like conditions combined with elevated water temperatures in the summer/fall 2005 created the most severe coral bleaching event ever documented within this region. Video monitoring of 100 randomly chosen, permanent transects at five study sites in the US Virgin Islands revealed over 90% of the scleractinian coral cover showed signs of thermal stress by paling or becoming completely white. Lower water temperatures in October allowed some re-coloring of corals; however, a subsequent unprecedented regional outbreak of coral disease affected all sites. Five known diseases or syndromes were recorded; however, most lesions showed signs similar to white plague. Nineteen scleractinian species were affected by disease, with [90% of the disease-induced lesions occurring on the genus Montastraea. The disease outbreak peaked several months after the onset of bleaching at all sites but did not occur at the same time. The mean number of disease-induced lesions increased 51-fold and the mean area of diseaseassociated mortality increased 13-fold when compared with pre-bleaching disease levels. In the 12 months following the onset of bleaching, coral cover declined at all sites (average loss: 51.5%, range: 42.4-61.8%) reducing the five-site average from 21.4% before bleaching to 10.3% with most mortality caused by white plague disease, not bleaching. Continued losses through October 2007 reduced the average coral cover of the five sites to 8.3% (average 2-year loss: 61.1%, range: 53.0-79.3%). Mean cover by M. annularis (complex) decreased 51%, Colpophyllia natans 78% and Agaricia agaricites 87%. Isolated disease outbreaks have been documented before in the Virgin Islands, but never as widespread or devastating as the one that occurred after the 2005 Caribbean coral-bleaching event. This study provides insight into the effects of continued seawater warming and subsequent coral bleaching events in the Caribbean and highlights the need to understand links between coral bleaching and disease.
Introduction
Coral-bleaching events followed by disease outbreaks are a recently described phenomenon (Selig et al. 2006; Bruno et al. 2007; Whelan et al. 2007; Muller et al. 2008) . Independently, coral bleaching and coral disease have become substantial threats to coral reefs over the last several decades. Only recently, however, have the two stressors been suggested to have a connection. The suggested link between coral bleaching and disease is anomalously high-water temperatures. Many factors can cause coral bleaching, though changes in temperature and ultraviolet radiation have received the most attention (Brown 1997) . Typically, massive bleaching events in the past have been associated with higher than average water temperatures (*1°C) in the summer months, when corals are already close to their temperature threshold. Whether high temperatures affect diseases and bleaching independently, or indirectly through a series of connected biological responses (e.g., coral-host susceptibility), is unknown.
The number and severity of coral-bleaching events have increased substantially since the early 1980s (Williams and Bunkley-Williams 1990; Hoegh-Guldberg 1999) . While bleaching events such as the one in 1998 caused extensive mortality worldwide, coral bleaching in the Atlantic has until recently caused either isolated or relatively low levels of coral mortality. During the 1997/1998 bleaching event, coral mortality in the Atlantic was fairly minor compared with mortality levels in the Indian and Pacific Oceans (Goreau et al. 2000) . Rogers and Miller (2001) reported less than 50% of coral cover bleached from two sites in St. John at this time with little subsequent mortality. The only major loss of coral reported in the Caribbean region from the bleaching in 1997/1998 was along the central shelf lagoon of the Belizean barrier reef where *100% of the Agaricia tenuifolia died (Aronson et al. 2002) . In 2003, Ballantine et al. (2008) reported \1.0% scleractinian mortality from a coral-bleaching event in Puerto Rico.
Coral disease was first documented in 1965 (Squires 1965) , but, similar to bleaching, was not considered a serious threat to coral reefs until recently. The number of described coral diseases and the number of documented cases have increased exponentially since the first description (Harvell et al. 2004; Lafferty et al. 2004) . Coral disease is now considered one of the greatest threats to coral reefs and has been a significant cause of reef degradation throughout the world (Rosenberg and Loya 2004) . The Caribbean has been labeled a 'hot-spot' for disease with approximately 76% of all coral diseases described worldwide being found within this relatively small basin (Weil 2004) . Historically, disease has taken a toll on Caribbean coral reefs. In the late 1970s, white band disease caused the precipitous decline of two major, reef-building coral species, Acropora palmata and A. cervicornis, the first coral species listed as threatened under the Endangered Species Act, 71 Federal Register 26852 (Federal Register 2006) . Recently, white plague and Caribbean yellow band diseases are considered the major disease threats within the Caribbean (Miller et al. 2003; Weil et al. 2006; Ballantine et al. 2008; Rogers et al. 2008) .
Temperature/disease connection
High-water temperatures can influence coral disease by either increasing pathogenic abundance or virulence , or by increasing coralhost susceptibility (Lesser et al. 2007; Ainsworth et al. 2008) . Several coral pathogens have displayed optimal growth at relatively high ambient temperatures (30-35°C). A pathogen identified for white plague type II, Aurantimonas coralicida, and a pathogen documented to cause white pox disease, Serratia marcescens, have optimal growth ranges between 30 and 35°C (Patterson et al. 2002; Remily and Richardson 2006) . Higher abundance of potential pathogens in the environment, or within the coral host, could increase the potential for disease infection. High-water temperatures may promote the growth and reproduction of microbial pathogens. One species of coral, Oculina patagonica, bleached from the temperature-sensitive bacterium Vibrio shiloii (Ben-Haim and Rosenberg 2002; the name V. shiloii is now renamed to V. shilonii (List Editor 2001)). Follow-up studies, however, indicated O. patagonica no longer bleached in the presence of the V. shilonii. Therefore, the corals either developed a resistance to the bacteria (Reshef et al. 2006) , bleaching was always a result of changing environmental conditions and not a result of bacterial infection (Ainsworth et al. 2008) or the virulence of the pathogen was reduced.
Elevated water temperatures could physiologically stress the coral holobiont and lead to bleaching, therefore increasing the coral's susceptibility to disease. A combination of bleaching and disease in 1998 caused extensive mortality of the octocoral, Briareum asbestinum, in the Florida Keys (Harvell et al. 2001 ). This short-lived epizootic occurred within 10 weeks of the bleaching event. Additionally, a study by Jones et al. (2004) documented a coral epizootic that coincided with a bleaching event at Magnetic Island (Great Barrier Reef) in which coral mortality was attributed to disease. Bruno et al. (2007) found a significant relationship between the frequencies of warm water temperature anomalies and white syndrome in the Great Barrier Reef but only on reefs with [50% coral cover. Furthermore, during the 2005 Caribbean coralbleaching event, on a section of Tektite Reef USVI, Whelan et al. (2007) documented that mortality in Porites porites was from bleaching; however, Colpophyllia natans bleached before dying from white plague. At another US Virgin Islands site, bleached Acropora palmata colonies lost more tissue from disease than A. palmata colonies that did not bleach . Greater mortality on the more compromised corals suggests disease severity was influenced by coral-host stress and susceptibility.
During the summer/fall of 2005, anomalously warm water temperatures (Whelan et al. 2007 ) and doldrum-like conditions in the NE Caribbean coincided with massive coral bleaching (Wilkinson and Souter 2008) . The 2005 Atlantic hurricane season was the most active ever recorded with 28 tropical storms including 15 hurricanes. However, the NE Caribbean was largely unaffected as no storm or hurricane passed within 400 km of this area. Coral bleaching as referred to in this paper is defined as paling or whitening of a coral from the loss of zooxanthellae or zooxanthellar pigments. While some scientists include bleaching as a disease (e.g., Rosenberg and Ben-Haim 2002) , the present study differentiated coral bleaching from coral disease. Bleached corals retained living tissue with an absence or reduction of zooxanthellae while disease was a measure of coral mortality (i.e., loss of tissue) when signs consistent with previously described coral diseases were observed. This study documented the extent and severity of coral bleaching on five reef sites around St. John and St. Croix, US Virgin Islands, and explored the connection between coral bleaching and coral disease during massive bleaching in 2005 and subsequent disease outbreak. (Fig. 1) , was established in 2002. All sites are forereef zones which ranged in area from 12,495 to 40,753 m 2 with depths ranging from 3.7 to 10.4 m at Haulover Reef (shallow site) to 7.6-18.9 m at Tektite Reef (deep site). Newfound, Mennebeck, Haulover and South Fore Reef are windward-facing reefs while Tektite Reef is in a relatively protected bay. All reefs are in undeveloped watersheds, except Haulover Bay, which is bisected by the VINP boundary, with roads and homes constructed on the east (non-park) side of the watershed.
Methods

Study
Data collection
Benthic cover was monitored using the random sample selection and video-monitoring protocols developed by the US Geological Survey (USGS) and National Park Service (Rogers et al. 2002) . At each study site, the site boundaries were mapped using a diver-based SONAR mapping system (Aqua-Map). Within these boundaries, the total sample (10 m transect) population was identified (given 10 m 9 10 m spacing) from which 20 transects (per study site) were randomly selected. The transect orientation was along a consistent compass heading per site designed to approximate the depth contours of the site. Transects were ''permanent'', relocated using the SONAR system and laminated photographs, and re-sampled each monitoring period. The sample design met the criteria for independent random sampling, allowing data collected to be extrapolated to the entire study site (Lewis 2004) . Each transect was filmed along a fiberglass-measuring tape with a digital video camera pointed down, 40 cm above the substrate. Equipment that was in contact with the coral, such as fiberglass tapes used to define the transects, was used once then un-spooled and rinsed in a 10% bleach-freshwater solution before the next field use to minimize cross-contamination. Percent cover by selected benthic categories was determined in the laboratory. Using Microsoft Excel and Adobe Photoshop, 25-30 adjacent, non-overlapping images were captured from the video of each transect and 10 points were randomly applied to each captured image. The benthic feature under each random point was identified to the greatest taxonomic resolution (species or functional group) and entered into a Microsoft Access database (see Rogers et al. 2002 for protocol details) . When a bleached scleractinian coral was found under the sample point, the bleaching severity for that point was defined as white or pale (e.g., Edmunds et al. 2003) .
Coral diseases were quantified within 1 m on either side of each 10 m transect (total area=20 m 2 /transect; 400 m 2 / site). Disease type, coral species affected, and area of mortality (length 9 maximum perpendicular width of lesion) were recorded. Disease-induced mortality was defined as white, recently exposed and uncolonized coral skeleton. Mortality from disease appeared as lesions with distinct borders separating living tissue (with or without pigment) from completely exposed, bare skeleton. Mortality from bleaching appeared as the degeneration of tissue with no visible pigmentation, simultaneously followed by the colonization of filamentous algae on the coral skeleton. Each lesion was photographed using a SONY T-33 digital camera. Dead coral colonized with turf algae was not quantified as ''disease mortality'' because the cause of tissue loss was not observed during the sampling survey. Colonization of lesions by turf algae occurred within days Coral Reefs (2009) 28:925-937 927 to weeks thus the areas of disease-induced mortality were never measured more than once, although some may have been expansions of previous lesions. Seawater temperatures at reef depth were recorded at 2 h intervals using data loggers (HOBO or Ryan Industries Temp-Mentors) positioned within two study reefs (Newfound and Haulover) and a third logger near Tektite Reef (at Yawzi Reef, 500 m west of Tektite). However, data are not available for every site each month. The median number of active sites in any given month from 1988 to 2007 was two and data gaps occurred from May 1988 to February 1990 and from March 1999 to August 2000. Ryan-brand loggers were sent for calibration annually, and all sensors were calibrated in-factory (documentation provided). A monthly mean was calculated per site and averaged to create a Virgin Islands monthly mean. Yawzi Reef) using a one-tailed t-test. Benthic cover data were evaluated for normality and homogeneity of variance by visual inspection of residuals and by conducting a regression analysis on the absolute value of the residuals with predicted values. If a positive trend in the residuals were detected, a square root (x ? 1) transformation was performed, and the residuals were then tested for normality using an Anderson-Darling test (SAS ver. 9.1). Changes in percent coral cover were analyzed separately for each site using a repeated measures analysis in which transect was treated as a subject factor and sampling date was treated as the repeated measure. Contrast analyses were used to test (a) whether a trend in coral cover was occurring in the pre-bleaching data only, and (b) whether there was a significant difference between the pre-bleaching and post-bleaching data. For the purposes of analysis, sampling periods before August 1, 2005 were labeled as ''pre-bleaching'' and sampling periods after January 1, 2006 were labeled as ''postbleaching''. The exception was the September 26, 2005 sampling date at the Tektite Reef that was also labeled ''prebleaching'' as previous data were not available. A TukeyKramer mean separation test was performed to establish differences in mean coral cover during different sample events within each site. A Type 1 error of 0.05 was used to determine the statistical significance of results.
Correlations between coral disease (number of lesions and area of disease-induced mortality) and temperature, and then between coral disease and coral cover were analyzed using Spearman Rank Correlation. Site averages were pooled to compare disease with temperature, and disease with coral cover.
The percent cover for individual coral species, except Montastraea annularis (complex, which includes M. franksi, M. faveolata, and M. annularis), was very low, and all species were not present in each transect. Therefore, to test whether a species-specific decrease occurred, instead of using individual transects, site averages were used and data from the five sites were combined. Each site was considered a replicate and site averages for each pre-bleaching and post-bleaching period were calculated. A paired t-test was conducted with sites as replicates using the prebleaching and post-bleaching averages from all five sites. Data were transformed using a square root (x ? 1) transformation in keeping with the analysis of overall coral cover. Normality of the differences was tested using an AndersonDarling test (SAS 9.2. UNIVARIATE procedure).
Results
Pre-bleaching coral cover trends
The transects at four of the five study sites were monitored for 2-6 years prior to the bleaching event. Annual monitoring showed two sites increased in coral cover (P \ 0. Table 1 ). Bleaching of isolated scleractinian corals was first observed in July, when water temperatures averaged 29.2°C. Coral bleaching became more severe as temperatures continued to be 0.7-0.9°C higher than historical averages until September. The maximum average monthly temperature, 30.2°C, occurred in September 2005 which was 1.2°C warmer than the historical average. The 'peak' in coral bleaching (defined as the highest percent coral cover pale or white) occurred between September and November 2005 with [90% of the coral cover at each study site displaying some sign of thermal stress, and the lowest maximum bleaching detected for any individual transect was 74%. During this period, [40% of the coral cover at each site was completely white. Water temperatures returned to near-normal in October 2005; however, bleaching continued at all sites, and 56% of the coral cover remained bleached or pale during the coldest period (January-April) in 2006. The four reefs sampled in July 2006 had an average of 34.6% coral cover still discolored; however, no coral cover was completely white at that time. Complete re-coloration (i.e., bleaching recovery) had still not occurred by the last sampling survey (Mennebeck Reef, October 2007) . Overall, the onset of recovery from bleaching occurred soon after temperatures dropped (October 2005); however, complete colony re-coloration was slow and incomplete. The five reefs sampled in 2007 were still not homogenous in color when compared with the reefs in years before the 2005 Caribbean coral-bleaching event.
Twenty-one scleractinian species were quantified from the surveys at the onset of coral bleaching; with 16 species bleached including the 12 most-abundant ([0.5% cover). Within those species, maximum bleached cover by Montastraea annularis (complex) ranged from 98-99.5% among study sites; Colpophyllia natans and Agaricia agaricites each ranged from 80 to 100%; Porites porites, 75-100%; and D. labyrinthiformis, 67-100%. Three species however showed wider ranges of bleached cover: M. cavernosa (0-86%), P. astreoides (62-84%), and Siderastrea siderea (46-100%). Interestingly, Madracis spp. were never observed as bleached (quantified under a random point) within the monitored transects during the study, but both Madracis decactis and M. mirabilis/auretenra (Locke et al. 2007 ) were rare and found at only two sites. Bleaching was found throughout all depths (depth range = 3.7-18.9 m), and depth was not a factor in the amount of coral cover bleached during maximum bleaching (P = 0.94).
Disease
Five known diseases/syndromes were observed throughout the study including black band disease, dark spot disease, white band disease (on Acroporid colonies), Caribbean yellow band disease, and white plague disease. However, [95% of the disease-associated mortality showed signs consistent with white plague. Combining all sites, white plague was recorded on 19 coral species. White plague caused over 6,500 lesions and was responsible for over 86,000 cm 2 of tissue loss. The genus Montastraea (excluding M. cavernosa) experienced the greatest mortality from white plague with 94.5% of the recorded disease-associated lesions. Colpophyllia natans, Diploria spp., Siderastrea siderea, and Porites spp. were affected by white plague as well, but at comparatively lower levels. Dark spot disease, black band, and white band diseases represented only 1.1, 0.4 and 0.4% of the total number of lesions, respectively. Caribbean yellow band disease was extremely rare. White plague and black band diseases were found within each study site, but only white plague was found during each sample period. Since over 95% of all recorded lesions were consistent with signs associated with white plague, disease, as discussed in the rest of this paper, will refer only to the loss of coral from signs similar to white plague disease.
Disease monitoring conducted at the reference sites (Haulover, Newfound, and South Fore Reefs) from January to March 2005 revealed an average of 0.5 disease-induced lesions per transect and 23.7 cm 2 of tissue loss per transect before the onset of bleaching. When peak bleaching at the reference sites occurred (October-November 2005) the average number of lesions per transect increased to 3.3, and the average area of disease-induced mortality increased to 42.2 cm 2 per transect. 'Peak' disease activity (defined as the greatest amount of disease-induced lesions and associated area of mortality: March-April 2006) at the three reference sites reached an average of 29.6 lesions and 298.7 cm 2 of tissue loss per transect, representing a 51-fold increase in the number of lesions and 13-fold increase in the amount of area lost from disease when compared with initial surveys before bleaching occurred. Disease activity at Tektite Reef (see Fig. 3 ), not sampled before bleaching began, peaked earlier (November 2005) and higher (4.3 lesions per transect and 465.0 cm 2 of tissue loss from disease per transect) than the reference sites, with 104-fold more lesions and 55-fold more disease-induced tissue loss than initial surveys at the reference sites.
The greatest amount of disease-induced mortality occurred within several months after the highest percent of bleached coral cover was observed except for Tektite Reef, where disease mortality and bleaching severity peaked simultaneously. Maximum disease-induced mortality did not occur at the same time for each site (see Fig. 4) ; however, most of the mortality was documented during the winter months, when water temperatures were similar to historical averages and re-coloration of corals had begun (Fig. 3 ). An average of 68.8% of all lesions and 65.6% of the disease-induced mortality occurred within 6 months after bleaching was first observed.
Disease activity at all sites remained elevated through July 2006 with two reference sites, Newfound Reef and Haulover Reef, still having 10 times more lesions and twice as much area of tissue loss from disease when compared with initial surveys. Continued monitoring of the disease in 2007 revealed the number of disease-induced lesions was similar to pre-bleaching values for two reference sites, Newfound and South Fore Reef. Haulover remained the only site that still showed a greater number of disease-induced lesions than pre-bleaching levels; however, the area of disease-associated mortality was similar to the initial surveys for all three sites. White plague was still the dominant disease representing 99.3% of the lesions, and 94.3% of the area of tissue loss from disease in 2007. Black band and white band were the only other two diseases recorded in 2007, but at comparatively low levels. Montastraea annularis (complex) was again the most significantly affected with 92% of the lesions and 86% of the area of tissue loss from disease occurring on this species group. Annual comparisons between disease-induced lesions and temperature showed no correlation between the two variables in 2005 and 2007. However, in January through March 2006, the coolest period of that year, the number of lesions increased revealing a significant, negative association (r s = -0.707, N = 29, P = 0.004). There were no associations between the area of disease-induced mortality and temperature during any year.
Coral cover
Significant coral cover loss occurred at all sites (Table 2) from before bleaching to the last sampling (October 2007, Mennebeck Reef). Average coral cover loss among sites was 51.5% (range: 42.4-61.8%) within a year of the bleaching event (Fig. 4) . Before bleaching in 2005, the mean coral cover among sites was 21.4% with three sites having more than 20% coral cover. Through sampling in 2006, mean coral cover among the sites dropped to 10.3% with no site having over 20% coral cover. Declines in mean coral cover continued at all sites between July 2006 through 2007; however, only one site (South Fore Reef) showed a statistically significant change, decreasing from 11.6% (March 2006) to 4.1% (February 2007) . This demonstrates that losses continued even after March 2006. South Fore Reef had the largest cumulative site loss during the study with a 79.3% decline. Two years after the bleaching event, the mean loss in coral cover across all sites reached 61.1%.
The number of disease-lesions showed no correlation with the percent coral cover (r s = -0.065, N = 29, P = 0.734), and there was no association between coral cover and area of disease-induced mortality over the entire sampling period (r s = 0.174, N = 29, P = 0.368).
Species effects
Montastraea annularis (complex), Colpophyllia natans, and Agaricia agaricites showed significant decreases in coral cover across the five sites (Table 3) . Diploria labyrinthiformis, M. cavernosa, P. astreoides, and Siderastrea siderea did not show statistically significant decreases in cover across the five sites (statistical power to detect changes of \50% relative cover for low-cover species was low).
Species-specific changes in coral cover affected the relative abundance of coral species on the reef. M. annularis (complex) remains the dominant coral species within these reefs; however, the relative abundance of this species group declined from an initial average of 79.2 to 58.6% of live coral cover (Fig. 5) . C. natans also decreased in relative abundance from 1.3% prior to the onset of bleaching to 0.9% in 2006 (Fig. 5) likely from high levels of diseaseinduced mortality. On the other hand, A. agaricites declined primarily from bleaching mortality, as 93% of A. agaricites (cover) bleached but were rarely seen with disease. M. cavernosa, S. siderea, and Porites spp. bleached less than M. annularis (complex), C. natans, and Agariciids. They were less affected by disease than M. annularis (complex) and increased in relative abundance.
Discussion
While coral bleaching and coral disease are individually considerable threats to coral reefs, this study demonstrated the combination of the two can have catastrophic effects on living coral over a large spatial scale. The severity of disease in combination with region-wide bleaching resulted in the greatest total coral loss, affecting several species, ever documented within the Caribbean basin. These study sites represent 25 acres (10 hectares) of some of the most complex, diverse, and species-rich coral reefs in the USVI. Four of the reefs are located in long-established (multiple-decades) marine protected areas (MPAs). The ecological importance of these reefs as sources of coral larvae, and as structure and habitat for fish communities and infaunal invertebrates, extend well beyond the reef boundaries.
Furthermore, tremendous losses in coral cover from 2005 to 2006 were not limited to these study sites. Annual monitoring (using the same techniques, although not at the peak of bleaching or episodically thereafter) from two other USVI sites with lower initial coral cover (Yawzi Reef with 8.5% in St. John and Western Spur and Groove with 5.1% at Buck Island; Rogers et al. 2008 ) also showed dramatic coral cover losses of 48.1 and 41.5%, respectively. Other surveys within territorial waters of the USVI also showed a decline of 40% coral cover likely from a white-plague-like syndrome (Woody et al. 2008) . Similarly, Puerto Rico, approximately 100 km west of the USVI experienced record-breaking seawater temperatures that produced historically severe bleaching eventually followed by massive outbreaks of white plague and Caribbean yellow band disease. Losses in coral cover ranged from 20 to 97% (Ballantine et al. 2008) . The Natural Reserve of Culebra (50 km west of USVI) reported an epizootic of white plague post-bleaching with a resulting 67% decline in coral cover (Ballantine et al. 2008) . The British Virgin Islands (BVI), approximately 35 km east of the US Virgin Islands, experienced similar conditions of elevated water temperatures with extensive coral bleaching followed by coral mortality from white plague (Bouchon et al. 2008) . While coral bleaching was ubiquitous throughout the Caribbean in 2005, coral mortality was the highest from the USVI, Puerto Rico, and the BVI where coral disease epizootics followed the bleaching. This emphasizes the importance of frequency of monitoring (e.g., Miller et al. 2003, Borger and Steiner 2005) , as with typical annual monitoring, the mortality from the epizootic would have been missed and probably attributed to bleaching. The relationship among high-water temperatures, bleaching, and coral disease is poorly understood for scleractinian corals. Although it seems logical to think that high sea water temperatures stress corals and make them more susceptible to disease, the evidence is still rather limited. Some of the references that are cited to support this involve studies that: (1) have a small sample size (e.g., number of coral colonies- Kuta and Richardson 2002, Muller et al. 2008) , (2) involve sampling over only a portion of the year, mostly in summer (Santavy et al. 2001), or (3) pertain to only a few diseases (usually black band disease in the Caribbean). Exceptions include Selig et al. (2006) and Bruno et al. (2007) , both based on data from a 6 year study in the Great Barrier Reef. These studies show a correlation between ''white syndrome'' and high temperature but only in the presence of high coral cover ([50%). Coral cover this high ([50%) is extremely rare in the Caribbean. This study demonstrates that coral disease mortality can occur on reefs with ''relatively'' high or low coral cover as initial mean coral cover was 21.4% and decreased to 8.3% post-episode. Prior to the 2005 Caribbean coral-bleaching event, long term monitoring around St. John and Buck Island had shown decreasing coral cover due to hurricanes (e.g., Hubbard et al. 1991; Rogers et al. 1997) , anchor damage (Rogers and Garrison 2001) , disease (Miller et al. 2003) , and overfishing ). However, documented coral cover losses were of smaller magnitude (e.g., from 20 to 13% at Yawzi Reef due to Hurricane Hugo, Rogers et al. 1997 ) and very localized. Recent monitoring (post-2000, but prior to 2005 bleaching) at the study reefs showed two sites within VINP with significant increases in coral cover suggesting that while MPAs are not a panacea for coral reefs (see Coelho and Manfrino 2007) , a synergy of ecology and management could facilitate positive coral growth. The severity and duration of the 2005 coralbleaching event and subsequent disease outbreak superseded management and political boundaries affecting reefs within and outside national parks and eliminated any prebleaching gains in coral cover. During this study, coral cover declined on 99 of the 100 transects sampled (the only exception being one transect at Mennebeck Reef that went from 3.4 to 3.9% coral cover).
The direct cause of most coral mortality during and after the 2005 bleaching was disease that had signs consistent with white plague. This disease has been documented since the 1970s (Dustan 1977) and was first observed around the island of St. John in 1997 (Miller et al. 2003) . Whiteplague-like signs have been observed in 41 different species of hard coral (Weil et al. 2006) , including many major reef-building species. The causative agent of white plague type II has been identified as the alphaproteobacterium, Aurantimonas coralicida; however, this has fulfilled Koch's postulates on isolates from Dichocoenia stokesi only (Denner et al. 2003) . In a separate study, a smaller section of Tektite Reef was monitored nearly monthly (88 months) for 8 years (December 1997 -December 2005 . During that time, mortality from white plague was observed each month and had no correlation with water temperatures (1997 ( , see Miller et al. 2003 . Furthermore, a large outbreak of plague occurred in December 1998, 3 months after major bleaching occurred on that same reef (Miller et al. 2003 ). Significant mortality from coral disease, primarily consistent with white plague, was documented prior to 2005; however, this mortality was locally contained (i.e., within Haulover, Mennebeck, and Tektite Reefs, but not simultaneously). The disease outbreak that followed the 2005 Caribbean coral-bleaching event occurred on every reef monitored, both on St. John and BIRNM, 60 km south and resulted in the fastest decline in coral cover (of multiple species), from any cause, ever documented in the Virgin Islands.
This event struck hardest at the dominant reef-building coral M. annularis (complex) that initially comprised 79.2% of the coral cover at the study sites. Cover of these slow-growing, broadcast spawning, and seldom-recruiting corals decreased 51% from its pre-bleaching initial cover. The losses of the M. annularis group, coupled with significant declines by other massive corals (e.g., C. natans), have resulted in a restructuring of the surviving coral community. M. annularis (complex) remains dominant but comprises only 58.6% of the corals, while the relative abundance of the brooding Porites spp. has increased from 9.8 to 20.4%. Edmunds and Elahi (2007) reported a 72% decline in M. annularis on three 10 m transects at Yawzi Reef (500 m west of Tektite Reef) from 1988 to 1999, primarily from hurricanes, with bleaching having little effect (Edmunds 2002) . They reported no disease on these transects during that time. Their model suggested an extirpation of M. annularis at their transects within 50 years; our study indicated that elimination of this species could occur over a large region in well under 50 years.
Interestingly, peak coral mortality did not coincide with peak bleaching activity and was rarely a direct result of bleaching. Most of the mortality occurred after water temperatures had returned to normal, and corals had regained some color. In fact, in 2006 there was a negative correlation between water temperature and number of disease-induced lesions (r s = -0.707, P = 0.004). This association, however, was not observed during any other year of monitoring, only in 2006 after severe coral bleaching occurred. Winter water temperatures in the Caribbean have shown an increasing trend over the last decade with warmer minimums observed (see Ballantine et al. 2008; Fig. 9 .7 for La Paguera, Puerto Rico). Warmer winter temperatures may reduce the mortality rates of coral pathogens and increase the amount of coral disease (Bruno et al. 2007 ). The winter of 2006 was warmer than previous years, however, the winter in 2007 was even warmer. Disease did not increase following the warm 2007 winter, as it did in 2006 after anomalously high-water temperatures in summer/fall of 2005. Therefore, although warmer winter temperatures may play a role in coral disease activity, the peak in coral disease in the winter of 2006 was likely linked to the bleaching that preceded it. An alternative hypothesis is that the peak in disease activity during winter months of 2006 was a result of compromised corals. By monitoring throughout the 2005 episode in the USVI, Muller et al. (2008) showed that the size of disease-induced lesions on Acropora palmata increased as temperature increased, but only for bleached colonies. Lesion size on unbleached colonies of A. palmata remained the same when temperatures were high suggesting host-susceptibility, rather than temperature, influenced disease severity. The corals in the present study, having lost their symbiotic algae, were stressed for months possibly making them more susceptible to disease. The identified causative agent Coral Reefs (2009) 28:925-937 935 of white plague, A. coralicida, has a reported optimal growth from 30 to 35°C (Remily and Richardson 2006) . The fact that disease peaked when temperatures were much lower than the optimal growth temperature of the pathogen suggests host susceptibility, rather than pathogen proliferation, was the driving force behind disease activity on scleractinian corals of the USVI in [2005] [2006] . The present study suggests that most coral species in the Caribbean can recover from massive bleaching events and begin to do so soon after water temperatures return to normal; however, corals recovering from bleaching are likely to be more susceptible to diseases for several months. The predicted increases in water temperatures from global climate change will enhance the likelihood of coral bleaching, creating a population of potentially disease-susceptible individuals. Future monitoring of coralbleaching events should anticipate a subsequent coral disease outbreak from an increasingly stressful environment.
